The purposes of the present study were to estimate the heritability of the fluctuating asymmetry in chickens, using the restricted maximum likelihood procedure, and to evaluate the effects of age and sex on the fluctuating asymmetry. Leg, wing, and feather lengths and ear-lobe and wattle areas were measured. In experiment 1, 1,073 birds were used from 2 generations with complete pedigree of the Quail Castellana breed to estimate the heritability for the fluctuating asymmetry at 36 wk of age. The estimated heritability of absolute fluctuating asymmetry was not significantly different from zero for all 5 traits, and similar estimates were obtained for relative fluctuating asymmetry, directional asymmetry, transformed absolute and relative fluctuating asymmetry, and 3 alternative indexes of fluctuating asymmetry. The heritability of the combined absolute or relative fluctuating asymmetry was still very low, indicating that fluctuating asymmetry was determined solely by environmental sources of variation and that fluctuating asymmetry estimates should not be confounded by appreciable additive genetic contributions. The genetic correlation be-(Abbreviation Key: AS = antisymmetry; DA = directional asymmetry; FA = fluctuating asymmetry; L = left value; R = right value; REML = restricted maximum likelihood. by guest on November 4, 2016 http://ps.oxfordjournals.org/ Downloaded from
INTRODUCTION
Fluctuating asymmetry (FA) is the most recommended index of developmental instability (Palmer and Strobeck, 1992) . It is considered to be a valid indicator of genetic and environmental stress during development (Clarke et al., 1986; Leary and Allendorf, 1989; Parsons, 1990 Parsons, , 1992 , especially if the analyses are based on the composite FA of multiple traits (Leung et al., 2000) . Fluctuating asymmetry is characterized by a normal frequency distribution of left minus right side differences with a mean of zero (van Valen, 1962; Palmer and Strobeck, 1986, 1992; Palmer, 1994; Polak and Trivers, 1994; Swaddle et al., 1994) . Fluctuating asymmetry is used as a measurement 2005 Poultry Science Association, Inc. Received for publication April 1, 2005. Accepted for publication July 11, 2005. 1 To whom correspondence should be addressed: jlcampo@inia.es. 1689 tween sides was not significantly different from one, indicating that differences between sides were purely environmental in origin. Different traits rarely showed much correlation in their level of fluctuating asymmetry, indicating that the level of fluctuating asymmetry in all traits did not reflect equally the quality of animals. In experiment 2, fluctuating asymmetry differences among ages and sexes were investigated at 8, 12, 16, 20, 24, 28, 32, 36, and 40 wk in 360 birds from the same breed. Significant variation with age was observed in leg length, wing length, feather length (females), and wattle area (females), which was mainly related to onset of sexual maturity and adult stage. Females showed significantly greater fluctuating asymmetry for ear-lobe area than males. There were significant differences in fluctuating asymmetry for wing length, feather length, and wattle area near the onset of sexual maturity, with males having significantly greater fluctuating asymmetry than females for wing length and the opposite being true for feather length and wattle area. of welfare and fitness at the individual level following development (Jones, 1987; Clarke, 1995; Moller et al., 1995; Moller, 1997 Moller, , 1999 Tuyttens, 2003) , although the detection of asymmetry can be difficult because the left-right differences are frequently weak, about 1 to 5% of trait size (Merila and Bjorklund, 1995; Gangestad and Thornhill, 1999) . Additionally, there are 4 important confounding factors that complicate the analysis of asymmetry: different types of bilateral asymmetry, measurement error, FAsize relation, and genetic predisposition toward asymmetry. In contrast to FA, directional asymmetry (DA) and antisymmetry (AS) have not been generally associated with stress and are characterized by normal distribution with a mean of not zero, and nonnormal distribution with a mean of zero, respectively. Any 2 or all 3 types of asymmetry can occur together in the same trait, particularly the DA-FA combination (van Valen, 1962) . As FA, measurement errors are normally distributed about a mean of zero, and it is essential to obtain estimates of FA that are unbiased with respect to measurement error (Leamy, 1984; Palmer and Strobeck, 1986; van Dongen et al., 1999a; van Dongen, 2000) . The FA-size relation has commonly been removed by dividing the asymmetry score by the trait mean (Palmer and Strobeck, 1986) , although it can be undesirable if there is anisometry (Graham et al., 1998; Leung, 1998; Nachman and Heller, 1999) .
Overall most workers agree that FA often has a heritable component, but this is typically small. The heritability of FA found in the literature generally ranges from 0.0 to 0.1. Heritability has usually been estimated from conventional parent-offspring or sib analyses by using different types of organisms. In the fruit fly, Reeve (1960) , Scheiner et al. (1991) , Woods et al. (1998) , Polak and Starmer (2001) , and Polak and Stillabower (2004) did not find significant heritability for bristle number, wing length, wing width, and cross vein length. For the house fly, Chapman and Goulson (2000) reported that wing length FA had no detectable heritable component. For butterflies, Windig (1998) and Windig and Nylin (2002) indicated that heritabilities were not different from zero for 2 pupal and 2 adult traits, and for moths van Dongen et al. (1999b) found that the heritability was low for tibia length. Eggert and Sakaluk (1994) and Roff and Reale (2004) found no significant heritability in crickets for 3 tegminal characters, hind femur, mid femur, fore femur, and hind tibia. Leary et al. (1985 Leary et al. ( , 1992 , Bryden and Heath (2000) , and Hermida et al. (2002) found no significant heritability for several meristic and metric traits in rainbow trout, chinook salmon, or threespine stickleback, respectively. For the swallow, Moller (1994) and Cadee (2000) indicated no significant heritability for tarsus, wing, or tail lengths. Finally, no significant heritability was reported by Leamy (1984 Leamy ( , 1986 Leamy ( , 1997 Leamy ( , 1999 for several osteometric, dental, skeletal, and mandibular characteristics in mice; Kruuk et al. (2003) for antler size in deer; and Corruccini and Potter (1981) for dental traits in Homo sapiens.
However, heritability estimates of FA can be large underestimates of the heritability of developmental stability (Whitlock, 1996 (Whitlock, , 1998 van Dongen, 1998a) , because the heritability of FA is equivalent to the repeatability of the asymmetry estimate multiplied by the heritability of developmental stability. In contrast to FA, both DA and AS can have an unknown genetic component (Palmer et al., 1994; Leamy, 1999) . However, individual and family selection for DA in Drosophila was not successful (Coyne, 1987; Tuinstra et al., 1990) . Heritability of DA is a function of the trait heritability and the genetic and phenotypic correlation between trait sides (Roff and Reale, 2004) .
The purposes of the present study were to estimate the narrow sense heritability of the fluctuating asymmetry in chickens, using the restricted maximum likelihood (REML) procedure (Patterson and Thompson, 1971) under a general mixed model, and to evaluate the effects of age and sex on the FA. The current study relative to the existing literature analyzes for the first time the heritability of FA in chickens, using the REML procedure under a general mixed model.
MATERIALS AND METHODS
A synthetic breed (Quail Castellana) that originated from an F 2 cross between the Castellana and Buff Prat Spanish breeds of chickens (Campo and Orozco, 1986; Campo, 1991) was used in experiments 1 and 2. In experiment 1, a total of 1,073 birds (358 males and 715 females) from 2 consecutive generations (236 and 837 birds, respectively) with complete pedigree was used to estimate the heritability for the FA at 36 wk of age. To study the effect of age, 180 females were sampled in experiment 2 and equally divided into 9 age groups, each group consisting of 20 birds that were tested for FA at 8, 12, 16, 20, 24, 28, 32, 36 , and 40 wk of age. One hundred eighty males were tested similarly.
Five bilateral traits (3 morphological and 2 secondary sexual) were measured. The recorded morphological traits were right (R) and left (L) shank (metatarsus), wing (radius), and second primary feather lengths. Only undamaged birds with intact second primary feathers were analyzed for feather length (948 instead of 1,073 birds in experiment 1). The recorded secondary sexual traits were right and left ear-lobe and wattle areas. Right and left values of a bird were taken during the same session. All 5 lengths and ear-lobe and wattle widths were measured in millimeters using a digital calliper; ear-lobe and wattle areas were calculated by multiplying lengths by widths (indicated values are measured in cm 2 ). Trait size was the mean of the right and left traits [(R+L)/2]. All traits showed normal frequency distributions.
The FA for a trait was defined by the absolute difference between sides [|R−L|]. The unsigned value (equivalent to the mean deviation) is more appropriate than the variance of right minus left sides, because this index of FA cannot be used to measure heritability. Regardless, the mean of |R−L| is an estimator of the standard deviation of (R−L), the ratio between them being equal to 0.8 (Windig and Nylin, 2000) . A series of steps (Palmer, 1994) were followed before identifying exhibited asymmetry as FA. First, the presence of DA (normal distribution with a mean of not zero) and AS (nonnormal distribution with a mean of zero) was tested by inspection of the distribution of signed right minus left differences (R−L). The presence of DA was tested for using t-tests. Departures from normality (e.g., AS) were assessed using skewness and kurtosis measures; antisymmetry is characterized by bimodal (or broad-peaked) distributions, tending to be platykurtic. If differences in (R−L) exist, asymmetry should be leptokurtically distributed: the greater the magnitude of differences, the greater the leptokurtosis. Second, FA and measurement error are normally distributed about a mean of zero. Thus, it is essential to show that the variance in asymmetry observed between individuals is greater than the variance due to measurement error. The FA is often small and sometimes of the same magnitude as measurement error. The determination of measurement error is important because increasing measurement error causes an increase in the degree of departure of the observed FA from the true FA. Large sample sizes are needed to estimate the heritability of FA, and repeat measurements of traits may not be practical. The effect of measurement error should be calculated from a subsample of at least 20 birds. The amount of error variation can then be extracted from the estimates of FA calculated for a larger group of birds for which repeated measures are not available.
Twenty males were measured 3 times at 3 different sessions (days). Measures were analyzed using a 2-way ANOVA (Leamy, 1984) with side (fixed) and bird (random) as main factors (1 and 19 df), their interaction (19 df), and the measurement error (80 df). Significant variation between sides indicates variation in DA, whereas a significant interaction indicates significant FA (in the absence of AS). The ANOVA gives separate estimates of the variance between sides (DA), the interaction variance (FA), and the error variance (measurement error). Finally, the product-moment correlation between FA and trait size was used to determine if they were independent. If a positive relationship was found between the mean value and asymmetry of a trait, this effect would be removed by dividing the absolute asymmetry score by the trait mean, defined as the relative FA: [2|R−L|/(R+L)]. Relative FA for all traits had distributions that were not normal and were transformed to arc-sin square root prior to analysis. Mean relative asymmetry was defined as the mean of the relative asymmetries of the different traits; the summation of n|R−L|/Σ|R−L| across traits only is good if there is low kurtosis (Leung et al., 2000) . If no size correction was needed, each |R−L| value would be standardized and averaged across traits to give a total score. Narrow sense heritability must be estimated by using a breeding design that is able to distinguish among additive and residual variances. The REML estimator takes into account all the relationships in the data set and can be used to estimate additive variance components. The following additive genetic mixed model (Henderson, 1984) was used in experiment 1: y = Xb + Za + e, where y is an N × 1 vector of observations for FA (n = 1,073), b is a p × 1 vector of fixed sex and generation effects (p = 4), a is an N × 1 vector of additive genetic effects, e is an N × 1 vector of residuals, and X and Z are incidence matrices. Solutions for a and b can be obtained from the Henderson's mixed model equations (Henderson, 1973) . The indirect approach introduced by Misztal and Gianola (1987) solves the mixed model equations more efficiently. The REML estimator maximizes the portion of the likelihood that does not depend on the fixed effects. Graser et al. (1987) and Meyer (1989) used the derivative-free algorithm to write the logarithm of the REML. The software packages PEST (Groeneveld et al., 1990) and VCE (Groeneveld, 1994) were used.
To study the effects of age and sex in experiment 2, a 2-way ANOVA (Sokal and Rohlf, 1981) was used following the model y ijk = m + A i + S j + AS ij + e ijk , where y ijk is the FA of age i, sex j, and bird k; m is the overall mean; A i is the effect of age (i = 1…9); S j is the effect of sex (j = by guest on November 4, 2016 http://ps.oxfordjournals.org/ Downloaded from 1…2); AS ij is the interaction; and e ijk is the residual (k = 1…20). If the interaction was significant the experiment would be reanalyzed to study the effect of age in each sex, using a 1-way ANOVA following the model y ij = m + A i + e ij , where y ij is the FA of age i and bird j, m is the overall mean, A i is the effect of age (i = 1…9), and e ij is the residual (j = 1…20). Significant differences among ages were estimated using the Student-Newman-Keuls' multiple range test (Snedecor and Cochran, 1980) . The software package SAS Institute (1998) was used.
RESULTS
Leg length and ear lobe area exhibited DA (t = 11.73, P < 0.001, and t = 5.39, P < 0.001, respectively), and the right side was consistently greater than the left side (Table  1) . Signed right minus left differences were right skewed for feather length and wattle area (g 1 = 4.10, P < 0.001, and g 1 = 1.09, P < 0.001, respectively) and leptokurtic for wing length, feather length, and wattle area (g 2 = 63.08, P < 0.001, g 2 = 3.47, P < 0.001, and g 2 = 19.84, P < 0.001, respectively). Thus, there was no evidence of antisymmetry because bimodal (or broad-peaked) distributions tend to be platykurtic.
Mean square error for leg length, wing length, feather length, ear-lobe area, and wattle area (Table 2) represented 84. 75, 86.69, 38.07, 8.6, and 26 .6% of the interaction mean square. Additionally, the interaction was highly significant for feather length, ear-lobe area, and wattle area. Thus, measurement error was not confounded with FA, and the non-DA identified in this analysis was categorized as true FA. Measurement error accounted for 1.47, 1.72, 3.83, 3.79, and 4.56% of the total variation, respectively. Between sides mean square was not significant for leg length, wing length, feather length, and ear-lobe area and provided no evidence of DA. There was a significant positive correlation coefficient between the value of absolute asymmetry and characteristic size for ear lobe (0.32, P ≤ 0.001) and wattle areas (0.17, P ≤ 0.001), whereas the relationship for leg, wing, and feather lengths was not significant. Relative asymmetry could, therefore, be used to control the scaling effect in both traits. The relative asymmetry for the secondary sexual traits was much higher than that for the morphological traits. It was less than 2% of trait size for the morphological traits, and about 10% of trait size for the secondary sexual traits. The coefficients of variation of each trait were 4, 4, 6, 27, and 32%, respectively.
Heritability of absolute and relative FA was zero or very low and not significantly different from zero for all 5 traits (Table 1 ). The arc-sin square root transformation of the relative FA yielded similar heritability estimates ± SE (0.02 ± 0.03, 0.06 ± 0.04, 0.00 ± 0.00, 0.01 ± 0.03, and 0.00 ± 0.02, respectively). The heritability of (R−L), a measure of DA, was approximately equal to that of |R−L|. The heritability of the mean relative asymmetry, defined as the mean of the relative asymmetries of the different traits, was very low (0.01 ± 0.03). A value of heritability equal to zero was obtained using the standardized |R−L| value for each trait and averaging across traits to give a total score. The heritability of each trait was generally greater than that of the asymmetry. Leg length was a highly heritable trait, with heritability estimate being greater than 0.5, whereas wing length had an intermediate value of heritability and the very low heritability for feather length was not significant different from zero. Ear lobe and wattle areas were lowly heritable traits, with heritability estimates less than 0.2 in both cases but significantly different from zero.
The phenotypic correlation between sides was less than the genetic correlation (Table 3) , and heritabilities of each side were similar for all traits. Correlations between sides were not significantly different from one. In addition to relative and absolute FA, the heritability of 2 transformed values, |R−L| 0.5 and log|R−L|, and 3 alternative indexes of FA, (R 2 +L 2 )−¹⁄₂(R+L) 2 , |lnR−lnL|, and logR−logL were also calculated. Although |R−L| has a half normal distribution, the square root and the logarithmic transformed values of |R−L| produced a normal distribution. The heritability of these transformed values was similar to that of |R−L| for all traits (Table 4 ). The same was true for all the 3 alternative indexes of FA.
The 3 morphological traits showed high levels of phenotypic and genetic correlations (Table 5) between their means (from 0.19 to 0.75 and from 0.64 to 0.95, respectively), and the same was true for the secondary sexual traits (0.52 and 0.59, respectively). Phenotypic and genetic correlations between morphological and secondary sexual traits means were generally low. All 5 traits showed low phenotypic correlations between their levels of FA (from −0.06 to 0.19), the genetic correlation being high between the FA of the secondary sexual traits (0.99) and ranging from −1 to +1 in all the remaining cases.
Mean squares and mean values indicating age and sex effects (experiment 2) on relative FA are presented in Table 6 . Ear-lobe area (100 females and 100 males sampled) and wattle area (120 females and 120 males sampled) were tested from 24 and from 20 wk of age. Ageby-sex interaction was not significant for leg length and ear lobe area. The effect of age was significant for leg length. A minimum value for relative FA was reached at 24 wk. The mean value increased until a maximum value was reached at 40 wk, and this value was significantly greater than that at 24 wk. The effect of sex was significant for ear lobe area; females had greater relative FA than males.
Age-by-sex interaction was significant for wing length, feather length, and wattle area. Table 7 summarizes the effect of age for females and males separately. For wing length, variation associated with age was significant in both sexes. In females, there were 2 maximum values at 20 and 40 wk, and these values were significantly greater than those at 16, 24, and 32 wk. In males, the relative FA was at a maximum at 16 wk of age, which was significantly greater than values at 24, 28, 32, and 36 wk. Difference between sexes was significant at 16 wk; males had greater relative FA than females. For feather length and wattle area, variation associated with age was significant only in females. A maximum value was reached at 20 wk for feather length, and the relative FA at this age was significantly greater than those at 8, 12, 16, 24, 32, and 36 wk. For wattle area, the relative FA also was at a maximum at 20 wk of age with a decrease after that age; the maximum value was significantly different. For both traits, difference between sexes was significant at 20 wk, and females had greater relative FA than males.
DISCUSSION
The current study fulfilled the criteria to estimate the narrow sense heritability of FA confidently (Palmer, 1994) without the effect of confounding factors. Heritability of absolute FA was not significantly different from zero for by guest on November 4, 2016 http://ps.oxfordjournals.org/ Downloaded from Means within a trait and column with no common superscript differ significantly (P < 0.05).
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Means within a trait and row with no common superscript differ significantly (P < 0.05).
1 Degrees of freedom in brackets for leg, wing, and feather lengths. Degrees of freedom for ear-lobe area were 4, 1, 4, and 190 and for wattle area were 5, 1, 5, and 228, respectively. **P < 0.01. ***P < 0.001. all 5 traits, and similar estimates were obtained for relative FA, DA, transformed absolute FA (square root or log), transformed relative FA (arc-sin square root), and 3 alternative indexes of FA, with all conclusions remaining the same. Use of relative FA could be unnecessary because when the FA-size relation was significant for ear-lobe and wattle areas, the coefficient of variation of the trait was Means within a trait and column with no common superscript differ significantly (P < 0.05).
1 Degrees of freedom in brackets for wing and feather lengths. Degrees of freedom for wattle area were 5 and 114. **P < 0.01. ***P < 0.001. not small (Leung, 1998) . Transformation of FA or, alternatively, nonparametric statistics are usually unnecessary (Gangestad and Thornhill, 1998) when sample size is large and untransformed or parametric tests are preferred. The alternative index log R−log L should be recommended here because there is leptokurtosis (Graham et al., 2003) . was still low, as were those for the single traits. This very low heritability estimate indicates that FA for all the 5 traits is determined solely by environmental sources of variation and that FA estimates will not be confounded by appreciable additive genetic contributions. Low heritability of FA agrees with the high heterosis found by Campo et al. (2000) in the FA of leg length, wing length, and feather length. Similarly, Yang et al. (1999) found significant heterosis for shank weight relative asymmetry in 2 crosses of broiler breeders.
Although the heritability of FA has been the subject of considerable controversy, the most reliable studies showed very low values in agreement with those in the current study. Moller and Thornhill (1997a) found a mean heritability of 0.27, using a meta-analysis of published information, even though this analysis was criticized for the inclusion of data from studies that did not properly estimate heritability of FA because of their lack of control of potential confounding effects. After excluding studies that they found to have confounding effects, Whitlock and Fowler (1997) concluded that the heritability of FA ranged from 0.00 to 0.08, and the reevaluation of the original meta-analysis of Moller and Thornhill (1997a) yielded recalculated mean heritability of 0.16 (Moller and Thornhill, 1997b) . The heritability of FA found in the literature for species representing different types of poikilotherms and homeotherms organisms generally ranges from 0.0 to 0.1. A total of 17 species have been used, and among them only one was a bird (swallow). For the barn swallow (Hirundo rustica), Moller (1994) found no significant heritability for tarsus length, wing length, and central tail length, whereas FA of outer tail length had a statistically significant heritability, although this estimate seems to be unrealistic (0.80 by father-son resemblance and 1.88 by mother-daughter resemblance). Cadee (2000) estimated the heritability of FA for tarsus, tail, and wing sizes by full-sib analysis in the barn swallow under favorable and unfavorable environments. There was no significant heritability for tail and wing size, whereas tarsus asymmetry was significantly heritable (0.53 ± 0.26) in the year with benign weather conditions with heritability being zero under unfavorable conditions. The low levels of heritability observed for FA reflect low levels of genetic control over developmental stability. The heritability of developmental stability is the heritability of FA divided by the hypothetical repeatability; this is (Whitlock, 1998) : 0.6366 -0.3634/(CV |R−L| ) 2 , where CV |R− L| is the coefficient of variation of |R−L|. The hypothetical repeatabilities for the 5 analyzed traits were 0.29, 0.39, 0.27, 0.21, and 0.42, respectively. The heritabilities of developmental stability, therefore, were 0.02, 0.03, 0.00, 0.01, and 0.07, respectively, and heritability estimates of FA did not underestimate the heritability of developmental stability. The coefficient of variation of |R−L| was very high, indicating that (R−L) had a leptokurtic distribution (van Dongen, 1998b); it was 103, 121, 100, 93, and 131%, respectively.
The estimated heritability of (R−L) agreed very well with its expected value. The expected heritability of (R−L) is equal to h 2 (1−r A 12 )/(1−r P 12 ), where r A 12 and r P 12 are the genetic and phenotypic correlation between the 2 sides, and h 2 is the heritability of each side, which is assumed to be the same, and was 0.00, 0.05, 0.00, 0.01, and 0.00, respectively. The heritability of each side was similar, indicating that there was not very strong DA. The phenotypic correlation (r P 12 ) was less than the genetic correlation (r A 12 ), and thus the heritability of (R−L) was less than the heritability of the trait. Genetic correlation between sides, which is a measure of the effects of pleiotropy or linkage disequilibrium, was not significantly different from one, indicating that differences between sides were purely environmental in origin. The lack of a negative correlation between sides agrees with the no evidence of AS showed by all the traits, because a negative correlation is a necessary and nearly sufficient cause of AS (van Valen, 1962) . The high heritabilities for leg and wing lengths are in agreement with other literature on birds in general (Boag and van Noordwijk, 1987) and with the low heterosis found by Campo et al. (2000) , whereas the low heritability for feather length disagrees with the low heterosis found by Campo et al. (2000) .
The dominance effect using mixed model methodology and REML procedure was predicted (Mrode, 1996) , dominance variance being generally very low both in bilateral asymmetries and traits. Percentage dominance variances were only apparent for (R−L) of wattle area (0.03), for |R−L| of leg length and wattle area (0.13 and 0.09), and for (R 2 +L 2 )−¹⁄₂ (R+L) 2 of leg, wing, and feather lengths (0.15, 0.17, and 0.02, respectively). Morphological traits typically show low levels of dominance variance (Crnokrak and Roff, 1995) , and hence it can be predicted that low levels will be characteristic of FA too. Therefore, FA was almost entirely environmental in origin and had neither significant additive nor dominance genetic components. Because FA is considered to be the result of microenvironmental effects during development there could be a maternal effect that would be detected most easily by difference between inbred lines.
In spite of the fact that the traits could show high levels of phenotypic and genetic correlation in their means, especially morphological traits between them and secondary sexual traits between them, different traits rarely showed much correlation in their level of FA. The lack of a strong correlation between the FA of different traits indicated that the level of FA in all traits did not reflect equally the quality of birds. This result agrees with that of Kellner and Alford (2003) , who analyzed several bilateral traits (tarsometatarsus length, tarsometatarsus width, and naris-mandibles distance) in domestic fowl. In their study, FA levels were not highly correlated, coefficients of correlation ranging from a minimum of 0.07 to a maximum of 0.19, showing that asymmetry levels on the different traits varied almost completely independently.
Although significant variation with age for FA was observed in leg length, wing length, feather length (females), and wattle area (females), the only significant differences were between near the adult age and near the onset of sexual maturity. No age effect was observed for FA in ear-lobe area. There were 3 different patterns of asymmetry, suggesting different mechanisms by which FA arises during growth (Swaddle and Witter, 1997) . First, relative levels of asymmetry for leg length decreased early and then increased throughout most of time, whereas for wing length in males increased early and then decreased throughout most of time. The pattern observed for leg length (metatarsus) disagrees with that indicated by Kellner and Alford (2003) for the tarsometatarsus length in Lohman Brown pullets until 6 wk of age; levels of asymmetry in that paper increased early in growth and then remained constant. Second, levels of asymmetry for wing length and feather length in females followed a random trend through most of time. This pattern disagrees with that observed by Swaddle and Witter (1997) who examined the FA in the primary feathers of starlings, observing that both absolute and relative asymmetry decreased as the feathers develop. Finally, decreases of relative asymmetry for wattle area in females were observed early and persisted over time.
Females and males showed similar degrees of FA in leg length, whereas the 2 sexes differed for their degree of FA in ear-lobe area; females had a significantly greater degree of FA than males. Their FA in wing length, feather length, and wattle area were also similar, although near the onset of sexual maturity (at 16 or 20 wk of age) there was a significant difference. Males had a significantly greater FA than females in wing length at 16 wk of age, and the opposite was true for feather length and wattle area at 20 wk of age. In agreement with these results, Moller (1994) found that tarsus length, wing length, and central tail length showed a similar degree of FA in the 2 sexes of the barn swallow, whereas males differed from females with respect to FA in outer tail length before sexual maturity.
